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GENERAL 


The  Andalusia  Refuge  area,  shown  on  plate  1  of  the  main  report, 
is  located  within  the  Upper  Mississippi  Wildlife  and  Fish  Refuge 
between  river  miles  462  and  463  in  Pool  16.  This  area,  located  1 
mile  north  of  Illinois  City,  is  currently  managed  as  a  waterfowl 
refuge  by  the  Illinois  Department  of  Conservation. 

The  purpose  of  this  appendix  is  to  present  the  development  and 
evaluation  of  proposed  improvements  which  will  provide  a  water 
control  structure  system.  This  system  will  provide  a  moist  soil 
management  unit  with  controlled  water  levels,  reduce 
sedimentation  into  the  refuge  area,  and  divert  upland 
sedimentation  from  the  refuge  area.  Approximately  1.55  square 
miles  of  overland  area  will  drain  into  the  moist  soil  management 
unit.  The  elevation  area  and  capacity  curves  for  the  project  are 
shown  on  plate  A-1.  .  ^ 

CLIMATE 


The  climate  in  east-central  Iowa  is  characterized  by  extreme 
temperatures  and  moderate  precipitation.  The  National  Weather 
Service  operates  a  weather  station  in  Moline,  Illinois,  located 
about  25  miles  north  of  Andalusia,  which  has  over  50  years  of 
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record.  Temperatures  range  from  a  maximum  of  107  degrees 
Fahrenheit  in  the  summer  to  a  minimum  of  -26  degrees  Fahrenheit 
in  the  winter.  The  normal  temperature  is  49.5  degrees 
Fahrenheit . 

Most  of  the  precipitation  occurs  in  summer  and  fall  months,  with 
May,  June,  and  July  normally  the  wettest  months,  having  a  monthly 
average  of  over  4  inches.  Winters  are  normally  the  driest  parts 
of  the  year.  The  average  annual  precipitation  is  37.2  inches  and 
the  average  annual  snowfall  is  28  inches.  Table  A-1,  shown 
below,  lists  the  appropriate  monthly  precipitation  amounts  at  the 
Moline  gage  for  the  36  years  of  record  during  the  periods  1951  to 
1987  . 


TABLE  A-1 

Average  Monthly  Precipitation 


Month 

Inches 

Month 

Inches 

January 

1.64 

July 

4.88 

February 

1 . 30 

August 

3.76 

March 

2.77 

September 

3.74 

April 

3.97 

October 

2.70 

May 

4.21 

November 

2.16 

June 

4.32 

December 

1.92 

HYDROLOGY 

Mississippi  River 

discharge 

frequency  relationships 

and 

corresponding  water  surface  profiles  were  promulgated  by  the 
Upper  Mississippi  River  Basin  Commission  (UMRBC)  in  a  November 
1979  study  entitled  Upper  Mississippi  River  Water  Surface 
Profiles,  River  Mile  0.0  to  River  Mile  847.5.  Plate  A-2  presents 
pertinent  data  from  this  study.  Actual  water  elevations  are 
recorded  daily  at  Fairport,  Iowa  (RM  462.0)  .  Plates  5  and  6  of 
the  main  report  show  daily  stage  hydrographs  for  the  period  of 
record  1967  through  1986  (gage  zero  equals  535.16  feet  above  mean 
sea  level  (MSL) .  These  data  were  used  to  compute  monthly  and 
year-round  elevation  duration  relationships  for  the  project  site 
as  presented  on  plates  A-3  through  A-6.  The  50  percent  duration 
elevation  can  be  interpreted  as  the  average  elevation.  The 
months  of  July,  August,  and  September  have  the  lowest  normal 
elevations,  referenced  to  feet  above  MSL,  of  545.4,  545.3,  and 
545.3,  respectively.  The  year  round  normal  elevation  is  about 
545.5  feet.  Typical  floods  appear  to  last  for  at  least  25  days 
and  raise  the  water  surface  about  5  feet. 
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SEDIMENT  CONDITIONS 


Historical  records  of  past  sedimentation  rates  are  essentially 
nonexistent.  A  paper  by  J-  Roger  McHenry  dated  March  1981 
entitled  "Recent  Sedimentation  Rates  in  Two  Backwater  Channel 
Lakes,  Pool  14,  Mississippi  River"  indicates  widely  varying 
deposition  rates,  with  an  average  of  about  0.1  foot  per  year. 
Diversion  of  the  upland  drainage  from  the  refuge  area  and  the 
proposed  levee  with  2-year  flood  protection  will  decrease  the 
sedimentation  rate.  A  detailed  discussion  of  sedimentation  is 
presented  in  Section  2  of  the  main  report. 

HYDRAULICS  OF  PROPOSED  PROJECT  CONDITION 

The  proposed  project  includes  a  levee  constructed  to  provide 
protection  from  the  2-year  flood  event.  The  levee  height  will 
be  552.8  feet  MSL  at  the  most  upstream  end  and  slope  to  550.8 
feet  MSL  at  the  most  downstream  end.  The  levee  will  be  tied  into 
the  natural  ground  elevation  of  551.8  feet  MSL  at  both  ends  as 
shown  on  plates  8  and  12  of  the  main  report. 

Located  at  the  downstream  end  of  the  levee  is  a  600-foot  armored 
section  designed  for  overflow  purposes.  The  overflow  section  was 
designed  to  be  the  area  where  overtopping  will  first  occur  during 
flood  events  greater  than  the  2-year  frequency.  Once  overtopping 
of  the  overflow  section  occurs,  the  interior  of  the  levee  will 
fill  before  overtopping  of  the  main  levee  section  occurs.  This 
will  equalize  the  hydrostatic  pressure  and  reduce  damage  during 
flood  events  greater  than  the  2-year  frequency.  The  riprap  for 
this  armored  section  is  discussed  in  a  following  section. 

The  area  of  conveyance  for  the  100-year  flood  event  was  computed 
for  existing  conditions  and  compared  to  that  of  the  proposed 
conditions.  There  was  approximately  a  7  percent  reduction  in  the 
cross-sectional  area  at  the  project  site.  The  reduction  occurs 
in  the  over  bank  area  which  does  not  normally  convey  much  of  the 
flood  flow.  The  estimated  difference  in  flood  elevations  for  all 
floods  is  substantially  less  than  0.1  foot.  A  channel  cross 
section  for  existing  and  proposed  conditions  is  shown  on  plate 
A-7.  Table  A-2  lists  the  number  of  times  per  month  the  2-year 
flood  elevation  was  exceeded  during  the  years  1965  through  1987 
at  the  Fairport  gage. 
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TABLE  A- 2 


Number  Of 

Times  The 

2-Year  Elevation 

Was 

Exceeded 

(1965-1987) 

Mfjn  Lli 

N  umbe  r 

Month 

Number 

January 

0 

July 

0 

February 

0 

August 

0 

March 

3 

September 

0 

April 

9 

October 

1 

May 

7 

November 

0 

June 

1 

December 

0 

WATER  CONTROL  STRUCTURE 

A  significant  aspect  of  the  project  is  the  upstream  gated  water 
control  structure  between  Dead  Slough  and  the  Refuge  as  shown  on 
plate  10  of  the  main  report.  The  purpose  of  this  structure  is  to 
allow  river  water  entry  into  the  moist  soil  unit  during  non- 
managed  periods  of  the  year.  The  unit  consists  of  one  gate  well 
with  a  slide  gate  as  shown  on  plate  21  of  the  main  report.  The 
structure  was  designed  to  fill  or  drain  the  interior  with  200 
acre-feet  of  volume  in  a  14-day  period.  It  was  concluded  that  an 
average  head  of  about  .5  foot  will  be  available  and  an  area  of 
1.8  square  feet  will  be  required.  This  will  be  provided  with  a 
36-inch  pipe  as  shown  on  plate  21  of  the  main  report,  resulting 
in  an  average  discharge  velocity  of  approximately  4.0  feet  per 
second . 

RIPRAP  DESIGN 

An  18-inch  layer  of  riprap  was  designed  to  armor  the  overflow 
portion  of  the  levee.  The  overflow  levee  will  be  used  in  flood 
events  to  back  water  into  the  refuge  area.  During  the  initial 
stages  of  overtopping,  the  overflow  section  will  have  water 
overtopping  in  free  flow,  which  is  considered  the  most  critical 
time  for  stability.  For  floods  greater  than  the  2-year  event, 
the  project  levee  will  be  in  a  submerged  state  and  less  likely 
to  be  damaged . 

Routing  a  typical  Mississippi  River  flood  through  the  overflow 
portion  of  the  levee  resulted  in  a  maximum  head  of  approximately 
0.55  foot  above  the  levee  crest  prior  to  submergence.  Technical 
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Report  NO.  2-650  "Stability  of  Riprap  and  Discharge 
Characteristics,  Overflow  Embankments,  Arkansas  River,  Arkansas" 
was  referenced  in  order  to  determine  the  stability  of  the 
overflow  section.  The  data  in  this  report  did  not  cover  small 
h<!ad  elevations  above  the  crest.  However,  interpolation  of  the 
data  would  result  in  the  overflow  section  being  borderline 
unstable  if  unprotected. 

The  overflow  portion  of  the  levee  is  located  in  a  north-south 
direction  and  will  be  exposed  to  expected  wind  velocities  as  high 
as  70  miles  per  hour.  In  accordance  with  CETN-I-6  "Revised 
Methods  for  Wave  Forecasting  in  Shallow  Water,"  it  was  determined 
that  2.5-foot  waves  could  be  caused  as  a  result  of  wind 
velocities,  fetch,  and  depth  of  water  at  the  project  area.  Due 
to  the  possible  unstable  condition  of  the  overflow  levee  and  the 
possible  wave  attack,  a  minimum  15-inch  layer  of  riprap  was 
determined  to  be  required  to  armor  the  levee.  This  was  based  on 
a  density  165  pcf  which  results  in  a  D50  of  .58  feet.  However, 
as  discussed  in  Appendix  C  -  Geotechnical  Considerations,  based 
on  experience  18-inch  thick  riprap  will  be  provided  for  adequate 
protection  during  all  overflow  scenarios.  The  minimum  required 
riprap  design  gradation  was  determined  in  accordance  with 
procedures  in  EM  1110-1601  and  ETL  1110-2-120.  The  following  is 
the  required  minimum  and  the  recommended  gradations  for  the 
riprap : 


Percent  Lighter  by 


Limits  of 


Weight 

Stone 

wt . ,  lbs . 

Minimum 

Recommen 

100 

170-70 

150-400 

50 

50-35 

60-170 

15 

25-10 

15-50 

The  riprap  blanket  should  extend  beyond  the  toe  of  the  bank.  A 
bedding  layer  6  inches  thick  should  be  provided  under  the  riprap. 


Riprap  protection  is  also  recommended  at  the  upstream  gated  water 
control  structure.  A  horizontal  blanket  of  riprap  will  be 
provided  to  prevent  scour  during  the  worst  case  scenario  for 
which  the  velocities  could  be  as  high  as  12  feet  per  second. 

This  is  based  on  assumed  conditions  including  incorrect  operation 
of  the  gate,  involving  opening  it  with  low  pond  conditions  during 
a  2-year  flood  event  on  the  river.  The  required  riprap  blanket 
was  determined  in  accordance  with  procedures  in  Research  report 
H-70-2,  "Erosion  and  Riprap  Requirements  at  Culvert  and  Storm- 
Drain  Outlets."  The  riprap  blanket,  as  shown  on  plate  21  of  the 
main  report,  will  be  18  inches  thick  with  a  D50  of  .58  foot.  The 
minimum  and  recommended  riprap  gradation  are  the  same  as  shown 
above  for  the  overflow  portion  of  the  levee. 
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PUMP  SIZE 


Another  significant  aspect  of  the  project  is  the  pump  station 
located  at  the  downstream  end  of  the  levee  as  shown  on  plate  12 
of  the  main  report.  The  station  will  be  a  two  pump  system  with 
the  capability  to  pump  into  the  river  from  the  moist  soil  unit 
during  desirable  periods  and  will  also  have  the  capability  to 
pump  from  the  river  into  the  moist  soil  unit  during  low  river 
events  to  ensure  adequate  water  depth  during  critical  periods. 

The  effects  of  normal  rainfall,  seepage,  evaporation,  and  upland 
drainage  were  all  considered  in  the  pump  design. 

One  pump  was  designed  with  te  capability  to  pump  from  the  refuge 
area  in  order  to  drawdown  me  refuge  from  flat  pool  elevation  545 
(MSL)  to  approximately  543,5  (MSL)  within  14  days.  This  will  be 
accomplished  by  a  5,000  gallons  per  minute  (gpm)  pump. 

Alternative  pump  sizes  studied  were  10,000  and  2,000  gpm.  The 
10,000  gpm  pump  would  enable  the  refuge  operator  to  draw  down  the 
refuge  within  14  days  during  periods  of  extended  high  flow 
without  utilizing  gravity  flow.  The  2,000  and  5,000  gpm  pump 
would  utilize  gravity  flow  to  draw  the  refuge  area  down  to 
elevation  545  feet  (MSL)  and  then  complete  the  drawdown  to 
elevation  543.5  feet  (MSL)  within  14  days.  The  time  increment 
for  gravity  flow  from  overflow  elevation  of  550.8  (MSL)  to  flat 
pool  elevation  of  545  (MSL)  would  depend  upon  river  flood 
recession.  A  typical  Mississippi  River  flood  will  recede 
approximately  .5  foot  per  day.  The  Refuge  area  will  drop  at 
about  the  same  rate  as  the  river.  Therefore  pumping  should  not 
be  initiated  until  the  flood  event  passes  and  normal  levels  of 
approximately  545  to  546  (MSL)  occur.  Operating  in  this  manner 
is  economically  consistent  with  a  low  operating  budget,  and  meets 
Refuge  objectives.  The  5,000  gpm  pump  was  the  selected 
alternative  based  on  being  most  economical  within  the  desired 
14-day  drawdown  period.  The  2,000  gpm  pump  would  require 
longer  running  time  and  would  limit  the  flexibility  of  the 
Refuge  operator. 

The  second  pump  was  designed  with  the  capability  to  raise  and 
maintain  the  water  elevation  within  the  levee  from  elevation 
545  feet  (MSL)  to  547.0  feet  (MSL)  within  10  days.  This  will 
be  provided  by  a  3,500  gpm  pump.  A  smaller  pump  would  require 
a  longer  time  to  fill  the  interior  and  larger  size  would  be 
unnecessary  for  typical  operating  procedures.  Table  A-3  lists 
the  number  of  pumping  days  required  to  raise  the  water  level 
within  the  MSMU  to  selected  elevations  from  flat  pool  ele\'^ation 
of  545  feet  (MSL) ,  The  pumping  days  shown  are  conservative 
estimates  because  average  rainfall  was  not  considered.  Studies 
indicate  that  evaporation  during  typical  pumping  periods  is 
negligible . 
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TABLE  A- 3 


PUMPING  DAYS  REQUIRED 

FOR  3500  GPM  PUMP 

ELEVATION 
ft.  (MSP 


546 

547 

548 

549 

550 
550.8 


DIVERSION  DITCH  DESIGN 

The  drainage  ditch  shown  on  plate  8  of  the  main  report  was 
diverted  because  of  the  objective  of  reducing  upland  erosion 
sedimentation  from  entering  the  project  site.  The  ditch  has  a 
1.8-square-mile  drainage  area  and  was  designed  for  a  discharge  of 
340  cubic  feet  per  second,  which  is  approximately  the  2-year 
frequency  flood  and  is  consistent  with  the  existing  ditch 
capacity.  The  ditch  cross  section  should  have  a  30-foot  bottom 
width  and  3:1  side  slopes.  A  profile  slope  of  .0025  ft. /ft.  was 
designed  to  match  existing  profile  conditions  as  close  as 
possible,  as  shown  on  plate  16  of  the  main  report.  A  design 
flood  will  result  in  an  average  velocity  of  approximately  3  feet 
per  second. 


PUMPING  DAYS 

3 . 5 

9 . 5 
17 
28 
43 
55 
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UPPER  MISSISSIPPI  RIVER  SYSTEM 
ENVIRONMENTAL  MANAGEMENT  PROGRAM 
DEFINITE  PROJECT  REPORT  (R-4) 

ANDALUSIA  REFUGE  REHABILITATION  AND  ENHANCEMENT 

POOL  16,  MISSISSIPPI  RIVER  MILES  462  THROUGH  463 
ROCK  ISLAND  COUNTY,  ILLINOIS 

APPENDIX  B 
WATER  QUALITY 


OVERVIEW 


Several  water  quality  related  factors  bear  on  the  suitability  of 
the  backwater  complex  to  support  valuable  aquatic  and  semi- 
aquatic  species.  These  include  the  chemical  composition  of  the 
water,  the  chemical  and  physical  composition  of  the  sediment,  and 
the  depth  and  availability  of  water  throughout  the  year. 
Representatives  of  the  Iowa  Department  of  Natural  Resources  (DNR) 
indicated  that  water  quality  within  Andalusia  Slough  is  currently 
adequate  to  support  the  native  fisheries  during  the  summer 
months.  However,  under  ice  cover,  conditions  develop  which 
result  in  periods  where  dissolved  oxygen  (D.O.)  becomes  depleted 
to  the  point  where  fish  kills  can  occur.  In  fact,  fish  kills 
have  been  observed  on  several  occasions  during  the  early  spring 
immediately  after  ice  out.  Although  it  is  not  known  with 
certainty  that  the  cause  of  these  fish  kills  is  low  D.O. ,  it  is 
reasonable  to  assume  that  it  is  at  least  a  contributing  factor. 

As  the  entire  backwater  area  is  heavily  laden  with  aquatic 
vascular  plants  during  the  summer  months,  it  is  easy  to  envision 
the  decomposition  of  this  organic  material  during  the  winter 
leading  to  low  D.O.  levels. 

In  order  to  assess  the  existing  water  quality  situation  and 
predict  the  impacts  of  any  enhancement  efforts,  a  monitoring 
program  was  initiated  in  1987.  Water  samples  were  taken  every  2 
weeks  during  the  summer  and  less  frequently  during  the  remainder 
of  the  year.  In  addition,  sediment  and  elutriate  samples  were 
collected.  These  data  provide  the  basis  for  the  assessment  of 
water  quality  within  the  study  area. 


METHODS 


Ambient  water  samples  were  collected  on  eight  occasions  between 
January  and  September  1987.  An  attempt  to  collect  samples  was 
made  on  two  other  occasions,  however,  insufficient  water  depth 
existed  to  permit  taking  representative  samples.  On  January  28, 
1987,  samples  were  taken  from  the  ice  at  locations  R2  and  R3 


shown  on  plate  23  of  the  main  report.  On  seven  occasions, 
samples  were  taken  from  boat  at  the  single  location  A1  shown  on 
plate  23.  Due  to  the  shallow  water  and  abundant  aquatic  plant 
growth,  it  was  not  possible  to  collect  samples  during  the  summer 
from  the  immediate  project  area.  The  location  selected  was  as 
close  1-0  fhe  project  site  as  water  conditions  would  allow.  Due 
to  the  lack  of  significant  flow  through  the  backwater  area  and 
rho  relative  proximity  of  the  winter  and  summer  sampling 
locations,  it  is  quite  likely  that  little,  if  any,  difference  in 
water  quality  exists  between  the  sampling  sites.  In  all  cases, 
grab  samples  were  taken  from  immediately  below  the  surface  using 
a  Kemmerer  sampler.  Field  analyses  (temperature,  pH,  D.O., 
specific  conductance  and  secchi  disk  depth)  were  performed 
immediately,  while  the  samples  requiring  laboratory  analysis  were 
appropriately  preserved,  placed  on  ice,  and  shipped  the  same  day 
they  were  collected. 

Sediment  and  elutriate  samples  were  taken  at  six  locations  on 
August  12,  1988.  The  locations  are  shown  on  plate  23  and 
coincide  quite  closely  with  the  locations  of  the  surface  samples 
collected  on  January  28,  1987.  Locations  R1  -  R3  were  taken 
using  a  48-inch  coring  device.  The  resulting  cores  were  between 
24  and  36  inches  in  length.  At  locations  LI  -  L3,  no  water  was 
present  and  the  soil  was  quite  dry  and  compacted.  Samples  at 
these  locations  were  taken  using  a  shovel  and  were  from  the  upper 
1  to  2  feet  of  the  soil.  All  water  samples  taken  for  the  purpose 
of  preparing  the  elutriate  samples  were  collected  and  handled  in 
the  manner  described  above.  All  sediment  samples  were  placed  on 
ice  and  shipped  to  the  laboratory  the  same  day  they  were 
collected. 

Grain  size  analyses  were  performed  in  accordance  with  U.S.  Army 
Corps  of  Engineers,  Engineer  Manual  1110-2-1906,  Appendix  V, 
November  1970.  Chemical  analyses  were  performed  according  to 
"Standard  Methods  for  the  Examination  of  Water  and  Wastewater," 
16th  Edition,  American  Public  Health  Association,  Washington, 
D.C.,  1985.  Elutriate  samples  were  prepared  by  mixing  1  part 
sediment  with  4  parts  ambient  water,  shaking  for  30  minutes,  and 
allowing  4  hours  to  settle. 


RESULTS 


Results  of  all  field  and  laboratory  analyses  are  presented  in 
tables  B-1  through  B-4.  Table  B-1  lists  the  results  of  grain 
size  analyses  of  samples  collected  on  June  21,  1988.  It  is 
apparent  from  the  results  that  the  sediment  is  very  fine 
throughout  the  backwater  area.  For  a  complete  hydrometer 
analysis,  see  appendix  C.  Table  B-2  ists  the  results  of  all 
laboratory  and  field  tests  performed  on  ambient  water  samples. 
From  the  results  it  can  be  seen  that  D.O.  concentrations  are  low 
during  several  weeks  of  the  observation  period,  while  levels  do 
not  fall  below  4.0  mg/1,  they  approach  this  level  and  probably  do 
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fall  below  this  level  during  the  night.  The  chlorophyll 
concentrations  indicate  that  phytoplankton  are  quite  abundant  at 
certain  times  and  probably  contribute  to  fluctuations  in  D.O. 
concentrations . 

Even  though  samples  were  taken  some  distance  from  the  actual 
project  location  due  to  access  problems,  water  depth  was  still 
quite  shallow  and  was  barely  adequate  to  permit  reaching  this 
point  by  boat.  This  was  true  despite  the  fact  that  the  river  was 
at  or  above  flat  pool  each  day  that  samples  were  collected. 

Table  B-3  lists  the  results  of  bulk  sediment  analyses  performed 
on  samples  collected  on  August  12,  1988.  As  can  be  seen  from  the 
data,  all  inorganic  contaminants  except  total  volatile  solids 
fell  in  the  range  considered  to  be  nonpolluted  based  on  EPA's 
draft  criteria  for  Great  Lakes  sediment.  Total  volatile  solids 
undoubtedly  exceeded  the  criteria  due  to  the  large  amount  of 
detritus  present  in  the  sediments.  There  is  no  evidence  of  large 
concentrations  of  soluble  organic  contaminants  as  seen  from  the 
fact  that  all  pesticide  concentrations  were  below  the  detection 
limits . 

Table  B-4  lists  the  results  of  elutriate  analyses  performed  on 
samples  collected  on  August  12,  1988.  As  can  be  seen  from  the 
data,  concentrations  of  most  parameters  were  quite  low.  The  only 
exception  to  this  is  ammonia  nitrogen.  Concentrations  were 
observed  which  exceeded  the  general  water  quality  standards  at 
two  locations.  All  pesticide  concentrations  were  below  the 
detection  limits. 


CONCLUSIONS 


Based  on  field  observations  and  analytical  results,  water  quality 
within  the  project  area  appears  adequate  to  support  aquatic  life 
during  the  majority  of  the  time.  During  the  summer  there  may  be 
periods  when  D.O.  approaches  levels  considered  to  be  detrimental 
to  certain  fish  species.  This  was  observed  during  the  study 
period,  although  no  fish  kills  were  observed.  During  the  winter 
there  may  be  ice  and  snow  conditions,  which,  in  combination  with 
decayed  organic  matter,  could  develop  into  a  "winter  kill." 
Although  this  was  not  observed  during  the  study  period,  it  has 
been  reported  by  DNR  personnel.  Results  from  the  analyses  of 
sediment  and  elutriate  samples  show  no  excessive  concentrations 
of  contaminants  as  compared  with  interim  EPA  criteria  for  Great 
Lakes  Sediment  and  the  State  water  quality  standards,  with  the 
exception  of  ammonia  nitrogen.  Concentrations  of  this  parameter 
should  be  viewed  in  light  of  the  proposed  mixing  zone,  and,  if 
necessary,  toxic  effects  can  be  minimized  by  coordinating 
construction  with  those  periods  when  water  temperature  and  pH  are 
low. 
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TABLE  B-1 


Grain  Size  Analyses 

Location  Percentage  Passing  a  #230  Sieve  (<0.062uin) 
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98.2 

IR 

99.7 

2L 

93.6 

2R 

98.2 

3R 

83.6 

3L 

82.5 
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Elutriate  Results  from  August  2.  1988.  Samplin' 
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Concentrations  of  all  organics  are  expressed  as  ug/1. 
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LOCATION 


The  Andalusia  EMP  Project  is  situated  within  the  Upper 
Mississippi  Wildlife  and  Fish  Refuge,  between  river  mile  462  and 
463.  The  site  is  bordered  by  Dead  Slough  directly  to  the  north, 
forested  loess-covered  bluffs  to  the  south,  which  are  part  of  393 
acres  managed  by  the  State  of  Illinois,  Department  of 
Conservation.  The  major  part  of  Andalusia  Slough  continues  to 
the  east;  and  Drury  Slough  to  the  west.  The  project  area  lies 
within  the  Galesberg  Plain  section  of  the  Central  Lowlands 
Province . 


PHYSIOGRAPHY 


The  topography  within  the  project  site  consists  of  a  series  of 
sloughs  and  shallow  backwater  lakes.  Site  elevation  varies  from 
546-548  feet  MSL  (Mean  Sea  Level) .  Land  surface  configuration 
was  originally  controlled  by  the  shape  of  the  underlying  bedrock 
surface.  The  Mississippi  River  valley  is  constricted  from 
Andalusia  to  Muscatine  with  little  or  no  flood  plain.  At  the 
point  of  the  project  site,  the  valley  is  only  about  1-1/4  miles 
wide.  The  area  is  known  as  the  lower  part  of  the  "upper  narrows" 
(Savage  1921) .  This  narrowing  is  caused  by  the  unusual  thickness 
of  Pennsylvanian  age  sandstone  which  the  river  runs  across.  On 
the  valley  walls,  the  erosional  slopes  are  concealed  by  a  mantle 
of  unconsolidated  material  derived  from  slumping  and  landslides 
over  underlying  Pennsylvanian  age  shales. 

The  presence  of  more  resistant  bedrock  is  indicated  by  the  steep 
lower  slopes  of  the  valley  bedrock.  Maximum  relief  of  valley 
sides  adjacent  to  the  project  site  is  100-150  feet  (Horberg 
1956b)  . 


BEDROCK 


The  bedrock  of  the  project  area  consists  of  Pennsylvanian  age 
sandstones,  shales,  and  coals,  setting  unconformably  on  top  of 
Devonian  age  shale  and  limestones  (Fitzgerald  1985) .  Middle 
Devonian  age  limestones  outcrop  10  miles  upstream  in  Buffalo, 

Iowa  and  in  the  near  by  town  of  Andalusia,  Illinois.  These  rocks 
are  almost  horizontal  and  in  general  slope  toward  the  southwest 
at  an  average  rate  of  10  feet  per  mile.  Overall  the  Devonian  age 
rocks  are  about  140  feet  thick.  There  is  a  Middle  Devonian  age 
shale  lying  directly  beneath  a  thick  section  of  Pennsylvanian  age 
rocks  at  Wyoming  Hill,  and  outcrop  about  a  mile  downstream  from 
the  project  site  on  the  Iowa  side  of  the  river.  Overall  the 
Pennsylvanian  age  rocks  are  up  to  150  feet  thick;  but  at  Wyoming 
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Hill,  along  highway  22,  NE  1/4,  Sec.  34,  T77N,  RIW,  (Horberg 
1956b) ,  the  outcrop  is  about  100  feet  thick,  and  consists  of 
sandstones  shales,  and  coals. 


I’l.KI  STCJCKNE  AND  RECENT  DEPOSITS 


Above,  and  to  some  extent  within  the  Mississippi  River,  and 
tributary  valleys  are  deposits  of  Pleistocene  drift  or  till, 
loess,  terrace  deposits,  recent  alluvium,  and  dune  deposits. 
Maximum  thickness  of  these  deposits  do  not  exceed  100  feet  around 
project  area  (Savage  1921 ) (Horberg  1956b).  Pleistocene  deposits 
resulted  from  the  numerous  advances  and  retreats  of  glaciers 
which  blanketed  this  entire  area.  A  road  cut  4  miles  upstream 
from  the  project  site  at  Loud  Thunder  Forest  Preserve,  SW  1/4,  SE 
1/4,  Sec.  27,  TT7N,  R4W,  exposes  43  feet  of  Pleistocene 
sediments.  The  outcrop  includes  23  feet  of  Pre-Illinoian  age 
tills,  8  feet  of  Illinoian  age  tills,  and  12  feet  of  Wisconsinan 
age,  Peorian  loess  (Horberg  1956b). 

In  the  Mississippi  River  valley  at  the  mouth  of  the  adjacent 
watersheds,  the  sediments  consists  of  alluvial  deposits.  These 
alluvial  deposits  are  unconsolidated  glacial  outwash  sands  and 
gravels  on  bedrock,  with  deposits  of  alluvial  silts  and  clays  on 
top.  The  outwash  sands  and  gravels  are  of  the  Henry  formation  of 
Wisconsinan  age,  overlain  by  Cahokia  alluvial  silts  and  clays, 
Wisconsinan  or  Holocene  in  age  (Willman  1970)  .  Thicknesses  of 
alluvial  deposits  along  the  Mississippi  River  from  Le  Claire, 

Iowa  to  Muscatine,  Iowa  usually  varies  from  15  to  45  feet  (Savage 
1921) .  At  the  project  site,  borings  were  drilled  no  futher  than 
30.5  feet  and  bedrock  was  not  encountered. 


SUBSURFACE  EXPLORATIONS 

Access  to  the  project  site  was  limited  by  surface  water.  During 
February  1987,  eight  primary  borings  A-87-1  through  A-87-8  were 
taken.  Borings  A-87-1,  2,  5,  6,  and  7  were  obtained  by  hand  with 
a  4-inch  Iwan  Auger.  Borings  A-87-3,  4,  and  8  were  obtained  with 
a  CME-45  drill  rig  using  a  5-inch  hallow  stem  auger. 

During  January  and  February  1988,  fourteen  additional  exploratory 
borings  were  taken.  These  numbered  A-88-1  through  A-88-14. 

Holes  A-88-6  and  A-88-8  were  obtained  by  using  4-inch  Iwan  hand 
auger.  The  other  holes  were  obtained  using  CME-45  drill  rig. 
Locations  of  the  borings  and  boring  logs  are  show  on  plate  2  of 
the  main  report.  The  deepest  boring  taken  with  the  drilling  rig 
extended  to  a  depth  of  30.5  feet,  approximate  elevation  517.8 
feet  MSL. 
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PERIMETER  LEVEE  EMBANKMENT 


The  proposed  perimeter  levee  as  shown  on  plate  2  of  the  main 
report,  is  approximately  6  feet  high,  and  approximately  8,600 
feet  long.  The  purpose  of  the  levee  is  to  create  a  moist  soil 
management  unit  with  controlled  water  levels  for  wildlife  habitat 
on  the  landside  of  the  levee.  The  crown  of  the  levee  will  be  at 
least  12  feet  wide  for  ease  of  construction  and  normal  maintenance  and 
operation.  The  side  slopes  of  the  levee  will  be  1  vertical  (V) 
on  4  horizontal  (H) .  From  station  12+00  to  8+00  CE,  the  proposed 
levee  will  be  wider  {60-foot  wide)  compared  to  other  reaches  of 
the  levee.  This  portion  of  the  levee  will  be  built  with  clay 
borrowed  from  the  Dead  Slough  excavation.  The  majority  of  the 
excavated  material  from  Dead  Slough  will  be  placed  in  the 
adjacent  levee  as  a  thicker,  instead  of  transporting  it  to  a 
disposal  site.  The  typical  cross  sections  of  the  proposed  levee 
are  shown  on  plate  18  of  the  main  report. 

From  station  12+21  C  to  station  25+18+CE,  the  side  slopes  of  the 
levee  will  be  grass  seeded  since  a  heavy  timber  growth  is  evident 
on  both  sides  of  the  proposed  levee.  Therefore,  it  is 
anticipated  that  grass  protection  will  be  adequate  against  wave 
wash.  From  stations  25+18+CE  to  29+18+CE,  the  profile  of  the 
levee  will  be  placed  on  a  steeper  gradient  than  the  natural  river 
flood  profile  to  ensure  overtopping  occurs  from  the  downstream 
end.  Therefore,  both  side  slopes  of  the  levee  will  be  protected 
against  the  wave  wash  and  current  action  by  an  18-inch  thickness 
of  riprap  with  the  following  gradation: 


Percent  Lighter  by  Weight 

100 

50 

15 


Weight  of  Stone  in  Pounds 

150-400 
60-170 
15-  50 


A  similar  gradation  used  on  various  similar  installations  has 
served  satisfactorily  for  several  years.  A  bedding  layer  of  6- 
inch  thickness  will  be  of  the  following  gradation: 


U.S.  standard  Sieve  Size  Percentage  Passing  (By  Weight) 


1  - 

1/2 

85  - 

100 

3/4 

40  - 

85 

3/8 

15  - 

45 

No. 

4 

0  - 

20 

No. 

8 

0  - 

5 

The  entire  levee  will  be  built  with  uncompacted  impervious 
material  lie,  (ie,  fill  place  by  casting). 
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FOUNDATION  FOR  EMBANKMENTS 


The  entire  foundation  beneath  the  proposed  levee  embankment  will 
be  stripped  of  vegetation  and  other  deleterious  materials  to  a 
depth  of  6  inches.  All  top  roots,  lateral  roots,  and  trees 
within  the  embankment  foundation  areas  will  be  removed  to  a  depth 
of  3  feet  below  natural  ground  surface. 

An  extensive  field  investigation  was  made  to  ascertain  the 
proposed  levee  foundation  conditions.  According  to  borings  which 
were  pertinent  to  approximately  6  feet  high  perimeter  levee 
foundation  analyses,  the  foundation  material  consists  of  alluvial 
deposits.  Boring  logs  are  shown  on  plate  7  of  the  main  report. 
The  top  stratum  varies  in  thickness  from  16  to  20  feet,  and 
consists  of  normally  consolidated  impervious  alluvial  deposits 
(SC,  CL,  CL-CH,  and  CH) .  The  moisture  content  ranges  from  24  to 
37  percent  for  CL  soils,  27  to  35  for  CL-CH  soils,  and  29  to  48 
for  CH  soils.  Borings  A-88-8,  A-88-9,  and  A-88-14  show  that  the 
top  1-foot  consists  of  slightly  organic  clay  with  moisture 
content  of  85  percent. 

The  Atterberg  limits  testing  was  performed  on  the  selected  soil 
samples  after  throughly  evaluating  each  soil  sample.  Atterberg 
limits  testing  reveals  a  range  from  44/16  (liquid  limit /plastic 
limit)  to  44/18  for  CL  soils,  55/21  to  58/22  for  CL-CH  soils,  and 
71/28  to  82/29  for  CH  soils.  The  standard  penetration  test  "N" 
values  recorded  during  the  drilling  operations  for  top  stratum 
ranged  from  2  to  9  blow  counts,  with  average  "N”  values  of  6. 

The  shear  strength  of  the  top  stratum  based  on  standard 
penetration  tests  varies  from  250  psf  to  1,125  psf  with  an 
average  of  750  psf.  The  pocket  penetrometer  tests  were  also  run 
on  the  selected  clay  samples.  The  pocket  penetrometer  tests 
indicate  a  range  in  cohension  from  250  to  1250  psf. 

The  soils  below  the  impervious  substratum  are  found  to  be  medium 
to  fine  sand  (SP) .  The  "N"  values  obtained  for  the  sand  ranged 
from  4  to  23,  with  average  "N"  values  of  11.  Detailed 
descriptions  of  the  encountered  materials  are  shown  on  boring 
logs,  on  plate  7  of  the  main  report.  None  of  these  borings  were 
extended  to  bedrock. 


FOUNDATION  FOR  OTHER  STRUCTURES 

A  water  control  structure  near  station  21+00  will  be  built  as  a 
part  of  the  proposed  project.  The  location  of  the  proposed 
structure  is  shown  on  plate  2  of  the  main  report.  Boring  A-88-3, 
32  feet  deep  was  taken  to  evaluate  physical  characteristic  of 
subsurface  conditions.  Detailed  descriptions  of  soils 
encountered  are  shown  on  boring  logs,  see  plate  7  of  the  main 
report.  The  boring  does  not  show  undesirable  or  soft  material. 
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The  unsuitable  material  which  might  not  have  been  encountered  by 
this  boring  will  be  replaced  with  appropriate  fill.  The 
replacement  material  will  be  placed  and  compacted  to  obtain  a 
density  equal  to  the  adjacent  undisturbed  foundation.  A 
dewatering  system  will  be  required  to  maintain  the  excavation 
area  in  dry  condition.  Foundation  design  details  of  the  proposed 
structures  are  given  in  Appendix  D. 

Borings  have  not  been  completed  due  to  site  change  location  of 
pump  plant.  Therefore,  two  additional  borings  will  be  taken 
prior  to  final  design  to  determine  engineering  properties  of  the 
soils  underlying  the  pump  station  foundation. 


GROUNDWATER 

Water  level  observations  were  monitored  during  the  boring 
operations  and  are  noted  on  the  boring  log  as  shown  on  plate  7  of 
the  main  report.  Based  on  these  observations  the  ground  water 
levels  encountered  in  the  vicinity  of  the  proposed  embankment 
area  approximately  from  station  4+00  to  21+50  were  found  to  be 
fairly  consistant  from  hole  to  hole.  The  depth  at  which  water 
was  located  ranged  from  2  to  3  feet;  from  elevations  544.5  to 
545.5  feet  MSL.  From  approximately  stations  21+50CE  to  31+OOCE 
(end  of  the  levee)  the  ground  water  was  found  to  be  .2  to  1  foot 
above  the  ground  surface;  from  elevations  545  to  546  feet  MSL. 

The  water  levels  should  be  expected  to  fluctuate  with  changes  in 
climatic  conditions  and  river  levels. 


SUBSURFACE  CONDITIONS  AT  EXCAVATION  SITES 

REFUGE  DREDGING/DITCHING.  Refuge  excavation/ditching  is  proposed 
as  shown  on  plate  18  of  the  main  report.  The  site  indicates 
removal  of  2  to  4  feet  of  soils,  which  will  have  a  width  of  50 
feet.  Borings  A-87-4,  A-88-2,  and  A-88-13  were  taken  to  identify 
the  subsurface  conditions  and  the  engineering  characteristics  of 
the  encountered  material  at  the  proposed  site. 

Borings  revealed  the  presence  of  about  4  feet  of  very  soft  clay 
(CH-OH,  CL,  CH) .  The  moisture  content  varied  from  43%  to  71%. 
This  is  underlain  by  medium  clay  (CL-CH) .  The  moisture  content 
varied  from  32%  to  37%.  A  detailed  description  of  the 
encountered  material  is  shown  in  the  logs  of  soil  borings  on 
plate  7  of  the  main  report. 
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DEAD  SLOUGH  EXCAVATION.  Dead  slough  site  will  be  located 
approximately  40  feet  from  riverside  toe  of  the  proposed  levee  as 
shown  on  plate  18  of  the  main  report.  The  site  indicates  the 
need  for  removal  of  6  to  9  feet  of  soils,  which  will  have  a  width 
of  60  feet.  Borings  A-88-10  and  A-88-11  were  considered 
pertinent  taken  to  determine  the  various  soil  profile  components 
and  the  engineering  characteristics  of  the  material  for  dredging 
the  dead  slough.  A  typical  soil  profile  of  this  site  consists  of 
very  soft  clay.  The  average  water  content  was  98  percent,  with  a 
range  of  98  to  107  percent.  A  detailed  description  of  the 
encountered  materials  is  shown  on  the  logs  of  soil  borings  on 
plate  7  of  the  main  report. 


SLOPE  STABILITY 

The  proposed  levee  near  station  28+50  CE  is  found  to  be  most 
critical  for  slope  stability  analysis  for  end  of  construction 
condition.  The  stability  of  slopes  was  analyzed  by  the  Modified 
Swedish  Method  for  a  circular  Arc  Slope  Stability  Analysis  in 
accordance  with  EM  1110-2-1902,  "Engineering  Design  Stability  of 
Earth  and  Rockfill  Dams,"  dated  1  April  1970. 

A  sudden  drawdown  and  steady  seepage  conditions  were  not 
evaluated  since  high  water  levels  will  be  of  such  short  duration 
that  saturation  of  uncompacted  impervious  embankment  cannot  occur 
and  the  Mississippi  River  low  water  level  will  not  impose  any 
seepage  pressure  on  the  levee. 

A  range  of  extremely  conservative  shear  strengths  (Q)  was  assumed 
for  the  most  severe  configuration  of  embankment  and  foundation, 
to  estimate  the  stability  of  the  embankment.  These  valves  are 
shown  on  plate  C-1  and  are  based  on  tests  and  samples  from  other 
projects  with  generally  similar  soils  and  construction. 

Successive  trails  of  various  sliding  surfaces  were  analyzed  and 
determination  of  the  critical  failure  arc  having  the  lowest 
safety  factor  was  made.  The  summary  of  the  slope  stability 
analysis  and  the  solution  of  the  most  critical  arc  appears  on 
plate  C-1.  The  computed  minimum,  safety  factor  of  2.3  for  end  of 
construction  condition  exceed  the  1.3  required  by  EM  1110-2-1913, 
"Design  and  Construction  of  Levees,"  dated  March  31,  1978. 
Therefore,  no  slope  stability  problems  are  expected. 


UNDERSEEPAGE 


The  underseepage  analyses  for  the  proposed  is  based  on  a  thorough 
study  of  thickness  and  permeability,  engineering  characteristics 
of  the  impervious  stratum  and  the  pervious  substratum,  in 
addition  to  the  extent  of  the  riverward  and  landward  top  strata. 
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Case  2  (EM  1110-2-1913) -Impervious  Top  Stratum  Both  Riverside  and 
Landside  was  considered  appropriate  since  15-  to  20-foot  thick 
top  stratum  appears  to  exist  on  the  both  sides  of  the 
approximately  6  feet  high  levee,  and  continuing  infinitely  on  the 
landward  side.  For  such  a  condition  seepage  will  not  occur 
through  the  landside  top  stratum;  therefore,  underseepage  and 
berm  analyses  were  not  made. 


SETTLEMENT 

The  proposed  levee,  from  approximately  station  23+OOCE  to  30+18CE 
is  found  to  be  most  critical  with  respect  to  settlement.  A  study 
at  station  28+50  was  selected  for  analysis,  where  the  levee  is 
approximately  7  feet  high. 

The  foundation,  in  this  reach  of  the  levee  consists  of  a  1-to  2- 
foot  thick  layer  of  very  soft  organic  clay.  The  soil  below  the 
soft  clay  consists  of  clay  of  a  higher  shear  strength  and  a  low 
compressibility.  It  is  anticipated  that  the  very  soft  clay  will 
be  displaced  during  the  construction  of  the  levee  by  stronger 
fill  material.  Therefore,  a  9-foot  high  levee  is  considered 
appropriate  for  the  settlement  analysis.  The  9-foot  high  levee 
will  impose  a  maximum  load  of  810  pounds  per  square  foot  on  the 
15-foot-thick  alluvial  clay  top  stratum  foundation.  A  settlement 
analysis  conforming  to  Joseph  E.  Bowles  "Foundation  Analysis  and 
Design,"  3rd  edition,  1982,  indicates  total  settlement  to  be  on 
the  order  of  14  inches,  as  shown  on  plate  C-3.  In  order  to 
anticipate  the  'nexpected  settlement,  a  shrinkage  allowance  of  24 
percent  of  the  levee  height  will  be  provided  in  the 
specifications  to  allow  for  any  consolidation  of  the  embankment 
and  settlement  in  the  foundation. 


BORROW  MATERIAL 

The  borrow  material  will  be  removed  from  areas  as  shown  on  plate 
18  of  the  main  report.  The  source  of  the  borrow  site  location 
was  determined  to  be  as  close  as  adjacent  to  the  levee  toe.  A 
40-foot  width  berm  will  be  left  in  place  between  the  toe  of  the 
levee  and  near  the  edge  of  borrow  site  to  ensure  levee  stability 
and  to  facilitate  construction.  According  to  borings  which  are 
pertinent  to  borrow  areas,  the  borrow  material  consist  of  very 
wet  soft  clay,  exceeding  the  liquid  limit.  The  moisture 
content  varies  from  43  to  107  percent.  Atterberg  limits  testing 
reveals  a  range  from  71/28 (liquid  limit/plastic  limit)  to  82/29. 
These  borrow  areas  are  economically  feasible  source  of  material 
to  construct  the  uncompacted  levee.  Because  it  involves  a  short 


or  no  haul  distance  and  is  conducive  to  dragline  operation.  Due 
to  the  soft  nature  of  the  borrow  soils,  care  will  be  required  in 
excavation  and  placement  to  insure  the  soils  will  stay  in  place 
on  the  slopes. 

A  dragline  will  be  used  to  excavate  and  place  the  material. 
Excessive  displacement  of  the  excavated  material  should  be 
expected  due  to  very  soft  material  of  low  strength  and  standing 
water.  The  material  placement  will  require  gentle  laying  of  the 
excavated  material  from  bottom  to  top  to  minimize  the 
disturbance.  The  excavated  material  will  be  left  inplace  for  a 
period  until  it  regains  strength.  The  excavated  material  will 
not  be  stockpiled  higher  than  the  height  of  the  proposed 
embankment  or  the  embankment  will  be  constructed  in  multiple 
stages . 
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ANDALUSIA,  ILLINOIS 
SETTLEMENT  ANALYSIS 


Layer  1 


- T 

7  ft.^ 


10  ft. 


8  7  ft. 


h  -• — H 


PROPOSED 
LEVEE  EMBANKMENT 


Xm  =  90  p.c.f. 


T 


3.5  ft. 


?5sat  =  116  p.c.f. 


WATER 


'ACE 


5  ft. 


-x(^  <isat  =  123  p.c.f. 


Moisture  Content  =  36% 

Ave.  LL/  (WL)  =  71'8 
Specific  Gravity  (Gs)  =  2.7 
eo  =  WGs  =  .36(2.7)  =  .972 

Layer  2 

Ave.  Moisture  Content  (Wn) 

=  28% 

Ave.  LL/  (WL)  =  '44% 

■Km  =  117  p.c.f. )  Specific  Gravity  (Gs)  =2.7 

eo  =  WGs  =  (.28) (2.7)  =  0.76 


9  ft. 


(COMPRESSED  LAYER 


_ 1 — 


P  =  Stress  exerted  by  the  7  ft.  high  onbanknent 
Po  =  Initial  stress  at  the  center  of  the  cotpressible  layer 
aPo=  Change  in  stress  in  cotpressible  layer  due  to  applied  loading 
C^  =  Corpression  Index 
eo  =  Initial  void  Ratio 

H  =  Thickness  of  compressible  layer  over  vAiich  settlement  is  being  calculated 


C  =  .30  (eo-.27):  Ref.  Riysical  &  Geotechnicial  Properties  of  Soils  by  Joseph  E. 
Bcwles. 

C^  =  .210  (layer  1),  C^  =  .147  (layer  2) 

=  .009  (LL-IO) :  Ref.  Soil  Mechanics  in  Engineering  Practice  by  Terzaghid  &  Peck 
C^  =  .549  (layer  1),  =  *306  (layer  2) 

Use  C  =  .37(eo  +  .003WL  +  .0004Wh  -  .34),  C  =  .318  (layer  1),  C  =  .208  (layer  2) 
c  c  c 

ifef.  fnd.  Analysis  &  design  by  Joseph  E.  Bcwles.  It  is  recotinended  by  Joseph  E. 
Bowles  which  has  a  reported  86%  reliability. 
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PLATE  C-2 


@  mid  depth  of  layer  No.  1  =  3.5(116-62.4)  =  188  p.s.f.  | 

@  mid  depth  of  layer  No.  2  =  7(116-62.4)  +  5(123  -  62.4)  =  678  p.s.f.r 


i  P  0  layer  1  Boussinesq  coefficient  *  h  *  m. 

j  °  (.982)*(9)*(90)  =  795  p.s.f. 

@  layer  2  Boussinesq  coefficient  *  h  *  m. 

( .861) * (9) *  (90)  =  697  p.s.f. 


TOTAL  SETTLEMENT  =  1.2  ft.  14  inches 


plate  C-3 


US  Standard  Sieva  Openmy^i  m  Inches  US  Startdard  Sieve  Numbers  Hydrometer 


US.  Standard  Steva  Openings  m  inches  US  Standard  Stave  Numbers  H^romeler 


ILS  Standard  Sieva  Openings  in  Inches  \iS.  Standard  Stave  Numbers  Hydrometer 
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The  University  of  Iowa 

Iowa  City  Iowa  S2242 


Civil/Environmental  Engineering 
Environmental  Engiri^Arnt'g  t3alKUt«'r>4S 
105  Water  Plant 


(319) 


December  24,  1987 


Corps  of  Engineers 

Rock  Island  District 

ATTN:  CENCR-ED-DG  (Holmes) 

Clock  Tower  Building 
P.O.  Box  2004 

Rock  Island,  Illinois  61204-2004 
Dear  Mr.  Holmes: 


Enclosed  are  the  results  of  the  third  set  of  settling  column 
analyses  completed  in  December.  Table  E-1  is  the  data 
obtained  using  the  bulk  sample  from  location  1.  This  sample 
was  loaded  at  a  concentration  of  ******  ,  which  is 
equivalent  to  145  grams/liter  dry  weight.  Table  F-l  was 
obtained  from  the  bulk  sample  from  location  2,  with  a 
loading  concentration  of  *********,  which  is  equivalent  to 
145  grams/liter  dry  weight. 


If  you  have  any  questions  please  let  me  know. 


Sincerelyv 


J.  Vent  Johnson,  Ph.  D 
Laboratory  Director 
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Table  E-1 


SEDIMENT  STUDY 
DECEMBER,  1987 

SAMPLE  1 

TIME  SAMPLE  PORTS 


(HRS) 

A 

B 

C 

D 

0 

128.3 

129  1 

123.2 

126  0 

.5 

123.0 

1  18.2 

1  19.6 

123.2 

1 

124  5 

123.4 

1  18  2 

128.6 

2 

6  3 

1  16  3 

1  15.0 

1  17,6 

4 

12 

74 

96  2 

1  14.6 

6 

18 

2.9 

32 

145  9 

12 

0.4 

04 

0.5 

04 

24 

04 

0.6 

0.5 

06 

DAY 

2 

0.2 

0.2 

0.2 

0.2 

3 

0.1 

0  1 

0.1 

0  1 

4 

0.1 

00 

0  1 

0.1 

5 

00 

0.1 

0.1 

0.0 

10 

00 

00 

0.0 

0.0 

15 

00 

0.0 

00 

0.0 

T^p  OH-  <o*/ 

VN4C  81% 


1  6 
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1 
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! 

G 

tv  o  .-  ^ 

r  f> 

r  Vo 

t  ' 

123.0 

121.4 

119.9 

'7  9  ip 

1  140 

127.7 

156.4 

- 

1 19.8 

132.3 

181.7 

— 

120.6 

174.0 

216.0 

— 

126.6 

2336 

232.5 

— 

248.0 

287.0 

252.7 

273.0 

2950 

263.6 

— 

283.0 

321.0 

300.0 

0.3 

334.1 

318.7 

- 

0.2 

364.0 

374.1 

0.1 

355.5 

422,0 

0.1 

225.6 

1 1  ^ 

0.0 

0.3 

i  1^7  / 

0.0 

0.0 

— 

SAMPLES  WERE  TOO  CONCENTRATED  TO  RUN  SUSPENDED  SOLIDS. 
THE  PERCENT  DRY  WEIGHTS  ARE  AS  FOLLOWS: 


TIME 

(DAY) 

5 

10 

15 


PORT  PERCENT  DRY  WEIGHT 

G  36.8 

G  37.2 

G  32.5 
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Table  E-2 


TIME 

SEDIMENT  STUDY 
DECEMBER,  1987 

SAMPLE  2 

SAMPLE  PORTS 

(HRS) 

A 

B 

C 

D 

0 

136.4 

132.0 

135.2 

129.4 

.5 

133.8 

132.9 

127  1 

124.6 

1 

1  165 

128.0 

124.0 

136.4 

2 

122  1 

124.7 

121.9 

129.6 

4 

1043 

1  12  8 

1  17.0 

126  1 

6 

08 

1  17.4 

122  8 

124.5 

12 

03 

0.4 

1  16  7 

117  7 

24 

0.2 

0.3 

50 

15.9 

DAY 
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*  THIS  SAMPLE  WAS  TAKEN  FROM  THE  SURFACE  OF  THE  WATER  COLUMN. 

THE  SAMPLE  WAS  TOO  CONCENTRATED  TO  RUN  SUSPENDED  SOLIDS. 
THE  PERCENT  DRY  WEIGHT  OF  THE  SAMPLE  IS  42.0. 
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Purpose  and  Scope.  The  purpose  of  this  appendix  is  to  present 
preliminary  design  for  the  pumping  station  development  at  the 
Andalusia  Refuge.  Pump  manufacturers'  engineering  information 
for  standard  catalog  units  were  used  to  develop  the  design 
presented  in  this  appendix.  Pump  sizing  and  layout  are  based  on 
the  efficient  operation  of  the  station  and  ease  of  normal 
maintenance . 

General .  One  pumping  station  containing  two  submersible 
propeller  type  pumps  is  proposed  for  the  Andalusia  Refuge.  The 
pumping  station  will  serve  a  dual  function;  discharging  interior 
drainage  from  the  protected  area  to  maintain  constant  water 
surface  elevation  during  the  drawdown  cycle;  to  discharge  river 
water  into  the  protected  refuge  during  the  waterfowl  migration 
seasons  for  the  purpose  of  creating  as  large  a  surface  area  as 
pO':siblO  . 

The  pumping  station  will  be  located  on  the  downstream  end  of  the 
moist  soil  unit  protected  from  the  main  channel  of  the  river  and 
associated  debris.  The  pumping  station  will  be  constructed 
integral  with  the  levee  river  toe  section.  The  levee  fill  will 
bc!  placed,  allowed  to  naturally  consolidate  for  approximately 
three  months  and  then  excavated  for  the  pumping  station. 

Pump  units  are  sized  to  complete  the  drawdown  period  within  a  two 
week  period.  Pump  operation  will  utilize  automatic  controls  for 
setting  and  maintaining  water  elevation  within  the  moist  soil 
unit.  The  power  and  control  panels  will  be  housed  within  the 
pumping  station  super-structure  and  will  be  protected  from 
condensation  damiage  with  unit  heaters. 

Pump  and  motor  removal  can  be  accomplished  through  secured  sealed 
mt'inhole  accesses  exterior  of  the  pump  station  super-structure. 
Hand-cleaned  trash  racks  are  provided  at  both  intake  and 
discharge  ends  for  maximum  protection  of  the  pump  impellers 
against  debris.  The  superstructure  will  have  gravity  ventilators 
and  louvers  for  air  circulation.  Design  of  the  station  is  based 
on  the  Hydraulic  Institute  Standards,  13th  Edition,  1975,  and  on 
applicable  sections  of  EM  1110-2-3102,  03,  and  05. 


station  Features.  This  station  is  fed  by  a  new  48-inch 
reinforced  concrete  pipe  from  the  moist  soil  unit  passing  through 
the  levee  section  and  by  a  pump  forebay  section  from  the 
Mississippi  River.  A  sump  divider  wall  separates  the  two  pumps 
up  to  elevation  551.0.  A  slide  gate  in  the  divider  wall  permits 
gravity  flow  between  the  moist  soil  unit  and  the  Mississippi 
River.  Stoplog  slots  will  be  provided  at  each  end  to  facilitate 
sump  dewatering  for  maintenance  purposes.  Gate  closure  of  the 
gravity  outlet  occurs  for  water  management  operation,  at  which 
time  the  required  pump  is  energized  manually,  with  further 
control  being  automatic  through  the  float  system.  One  24-inch, 
5,000  gpm  submersible  pump  of  axial  or  mixed  flow  type  will  be 
utilized  for  pumping  from  the  moist  soil  unit  and  one  24  inch 
3500  gpm  submersible  pump  of  axial  or  mixed  flow  type  will  be 
utilized  for  pumping  from  the  Mississippi  River.  Discharge  of 
both  pumps  will  be  piped  over  the  sump  divider  wall  into  a 
stilling  basin  that  directs  flow  by  gravity  out  to  the  river  or 
moist  soil  unit  respectively.  Access  to  the  sump  area  will  be  by 
ladder  through  removable  floor  hatches  at  the  operating  floor 
level.  System  head  computations  and  curves  and  example  pump 
selections  are  shown  on  plates  F-1  through  F-11.  The  estimated 
operating  energy  cost  of  $1200  per  year  is  computed  on  Plate 
F-18  . 

Control  Sequence.  The  sluice  gate  of  the  pump  station  should  be 
operated  in  an  open  position  except  during  periods  of  moist  soil 
unit  management  by  Illinois  Department  of  Conservation  personnel. 
During  desired  drawdown  periods,  the  sluice  gate  should  be  closed 
and  the  pump  station  activated  for  drawdown  purposes.  The  pump 
station  must  be  manually  activated  but  will  automatically  turn 
off  at  low  water  level  of  542.0.  The  float  control  system  will 
automatically  turn  the  pump  on  at  elevation  542.5  to  maintain  the 
542.0  drawdown  elevation. 

When  it  is  desired  to  pump  from  the  river  into  the  moist  soil 
unit,  the  station  must  be  manually  activated  and  will  continue 
pumping  automatically  until  elevation  547  (which  can  be 
adjustable  to  elevation  550.8,  the  elevation  of  the  levee 
overflow) .  Pumping  will  be  at  a  slower  rate  of  approximately 
3500  gpm  to  permit  a  slow  filling  of  the  moist  soil  unit. 

Electrical .  The  two  submersible  pumps  at  the  station  will  be 
operated  with  electric  motors.  Power  will  be  provided  by  the 
lowa-Illinois  Gas  and  Electric  Company  of  Davenport,  Iowa.  lowa- 
Illinois  Gas  and  Electric  Company  has  fossil  and  nuclear 
generating  plants,  is  interconnected  with  many  other  utilities, 
and  is  considered  to  be  a  very  reliable  source  of  power.  Two 
high  voltage  power  systems  are  available  within  the  area,  13  KV, 

3  phase  and  7.6  KV  single  phase.  The  nearest  13.2  KV,  3  phase 
connection  point  is  at  the  switchgear  in  Illinois  City,  Illinois, 
thereby  requiring  construction  of  3-4  miles  of  new  power  line. 

The  7.6  KV,  single  phase  line  can  be  tapped  within  one-half  mile 
of  the  site  bringing  to  conclusion  that  power  to  the  pump  station 
be  tapped  from  the  7.6  KV  line,  transformed  down  with  a  37.5  KVA 


F-2 


transformer  to  480  volt  and  converted  to  3-phase,  480  volts  using 
a  power  phase  converter  located  at  the  pump  station  location. 

The  high  voltage  line  will  span  the  _+  150  feet  of  levee  from  high 
ground  to  the  east  wall  of  the  pump  station.  The  transformer  and 
power  phase  converter  will  be  mounted  on  the  pumping  station 
roof.  Local  ownership  of  the  power  service  will  be  on  the  low 
voltage  side  of  the  transformer  near  the  pump  station.  The 
Government,  through  its  contractor,  will  pay  for  connection 
charges  including  powerline,  transformers  and  power  converters, 
and  the  lowa-I llinois  Gas  and  Electric  Company  will  own  and 
maintain  the  high  voltage  service. 

The  pumping  station  will  have  pump  motor  loads  of  approximately 
8  KW  and  18  KW  and  motors  of  10  hp  and  25  hp,  one  motor  of  about 
3  hp  to  operate  the  sluice  gate,  and  a  circuit  for  one  motor  of 
about  3/4  hp  for  the  sump  pump.  A  power  control  panel  will  be 
Ic  ;ated  within  the  pump  superstructure,  will  house  a  480/240/120 
volt  transformer  for  lighting,  receptacle  and  the  control 
circuitry . 

Short  circuit  analysis  for  the  station  is  shown  on  plates  F-12 
through  F-17.  Electrical  schematics  are  shown  on  plate  22. 


F-3 


Subject 


Aodauu>Sip>  R-LFoatL  PomP  SrATiaA 


Computed  by 


i^/6,a 


Checked  by 


Date 


Jut-Y  6)8 


St  eet 


of 


C.o'^Oi'TiafC)^  I 

1 

I,  Po^p  StaT.o*^  *£,  (riT«£6i<S^Al_  P)<tfeT  ipp"  Pu'£')^5/Pc  LB'/C£  Ti? 

J 

Z.  RprvAp  ^  Pomps  F^om  RiVet?.  k/iTH  FCcC  PiPd  End  ^ 

3.  PpmP  B  Pu/mP5  F(2t>/VN  R.^Pou£-  To  Civ/e«.  iViTH  Ffift  P.pf  E^jd  D'Scr^----' 

i 

I 

'  ■  ■  I 

A^co<  : 

n  ^  1  fO . 

p^Av  Pofoo  £t. *  55o-2> 

^epUC,£  MiO  Rjoci  6l.  S^Z.o 

PLooii  El.  525. S 


■4.  p£<20lK£D  ^Jn^Pt^i£r^  ^ATfcS 

PjiviP  A  =  SSc^O  «|pm 
PoDtr  B)  •  5  0  0  0  «^pI'^ 

5.  t-LAT  Pool  £i-.  SA5.0 


NCR  Form 
1  Aug  80 


381b 


PLATE  F-1 


c-  -  t' . 


AO£:;ALUSift  f^S-FOCit.  Station^ 

^  Checked  bv 

CC6l-^ 


Rpfc  f^Loud  \/£ui<i '-ry  "  l33oc> 


nt>D. 


2. 1  IS  f  / ■sec 

Vj^  <<2.  I  I5>^S3 


o.  06:'^  Fr. 


Srsterr,  <forv  P^(0£<ATs  -. 

^\f'£  Loss  o.S  Hv/ic>o  Ft 

r^,pc  LCfdctP  =  (SS^ 

OP'S.  £cEo\r/  O.'S-'S  Kv/  ■ 


i.O  A 


fZ-iT  1— PSS 

TT^^c  I- A/-,ck 


ol'ET  So'''"  F  [_oS£  <3,1  H 


/  /  ICe.n  \ 

^OTA,  Loss  0.0(j>‘i  [0.3  {  j  0.33  ■*  ■  ■*  L).  -  _  . 

O,  10^=1  Ft. 

ToTfA  c  ^££'D  “  I.Lcn  F-r  t  (Ci.lo'i  Ft  =  "7. "78  F'. 

k^Orv  P  £^c(_(5Cf  '  t3h3  • 

FuV6,T  -  1 050  y  7X>  \LyJ  )  loo  Pm ,  -4  £uaC£  ^ 

5°  BcjoiDe  ^riC,L-E  y  C^^C^/£  (i.5-TC>OE,-; 

3£oc>  6Pri'  sf  "7.g>  Ft  t'-  ■  ~70^ 

Lmcp''  (?cC£>A■^o^^rJ^.^e  Pun-»?  £p££D  ;0  AccoPTSAPce 

h.-^t?fta^ouC  NST'TJte  .^TAODHPCiS  ®  Fic,  LaO 

,3'  /  .-1 .0T9 

nJ^  2.0,000  &  ) 


N*  J'cT 


vTssoo 


N>  -  ( Co  Og  PPF  >  "Too  (?Pm  o.  K. 


NOf-:  Form 
1  Auq  eO 


PLATE  F-3 


7  /; 


PLATE  F-4 


Subject 


Dote 


_ A>^OAt^06*  A  PcP'OCjt  Pc)/v^p  Stat 


CompLteabv'  Checked  b> 

1^6  H 


D'tE^i6tJ  fop  PomP  £* 


^  1-.  SSCfi.O. 


54?  Q  jl 

54/5--^  -  /; 

1  /  ■' 

I  /  ! 


Rcp 

£■4  . . .  ,. 


F^i?>J,v.£T6i2-5» 

=  5,000  <^tPm  -  II.  I  4  s 

rrs,0=  5S<b.O  '  ^^S.O  «  /I.O  Fr. 

55£,.o  -  5-42.. o  -■  ^  Ft. 

.SoS'^£^*.£»<6i_4=.  Porv^p  pJiTH  24?^’  ^  5Teti 

C^^.^'^OTc  5y5-fgA'  -Me^C  Loi>‘S>E‘^ 

L(P65£^  "To  Be:  (ToPsiOfeteo 

V/£((e.  Uo5s£.5 

b';  PsS5<?5 

c.')  Rop  pR,c,Ti<ao  LoS>5€S 
d')  Ir-it^-E-r  SoI■<r^P  Lo^s£5 
Po^^^p•  PiPt  LciS^.ES 
-0  Po^v^P  ^u6o/j 
P'j  Ex-v-^  L,o5S 


NCR  Form 
1  Aug  80 


PLATE  F-5 


381b 


SuDiect 

A»JDAuOiiA  ^EFiJat  Pj/viP  5VaT<o^ 

Date 

5  0  i_y  88 

Computed  by 

Ia/6iF^ 

Checked  d> 

S-c-::  0^ 

vJ£lR- 


3. 


A  - TC - - 

> 

e— 

r 

_ i 

f 

\  *  'yJfi^'TEp-  £*>_€. u AT lOr^  =■  3-4^  ~  5.5 

W(^/>e  He i<i.H-T  p  *  1,75  F-r. 

6R.e6T  P£1C,HT  -  K,-3.7  5  pT 

L)S'  I  ( D  -  2.  "'s0  2-P  ,  3  ®  ^  t  Pt  ^~!  .  •^■•2  ( 


5oiy..'2  FftR  0| 


1.5  /  Ft 

Q,  -  (  0.3  ^'36.3.7  c-^s  =  I  c,p. 


Ot.ric*  fV-^voeooK-  OF  /^PPi-'ED  PVoK^-juici  3''^'  eJ  j  »■  I'o.  =- 


-S. 

O 


.  r  /  a\''^ 

,  'L'-(T)  1 


^£>1>;.(06  Poft  d. 


d  - 


/  <;  0£30  \  I^.3&S  ; 

-  I  .:?•- rr  '■  1 


S2.0^Z  y 


% 

3.15 


l.l  A 


w  '  cl  ^  3.7S-3.7*4q  =  0.<^^l  P". 


NCR  Form 
1  Aug  80 


381b 


PLATE  F-6 


SuO)0-M 

AiODAuOsia  R.£F0£^£  Pl} 

D?.:e 

vjjz-'r'  5i 

Co'riOi/*':  >  L / 

Checked  by 

S^bc:  of 

*-7 

Z  •  '  5-^Z 

^£t£.  H£i£,nr  -  P  =  l.'?S'  ^T. 

d^uBsr  hB‘OHT  -  *«^»75 


,  c  ,  t-4  Ft  . 

CP-- lon^)' {  o-^- 


3 1  c  ■  l3,(-o03 


d=L'~()3,6:<:>3)  J 


K'd  -  i3.'n'2-  =  0.035  F-. 


b-^  .F>=ti-KF4»- 

clo/OT^tOi_i»oc»  K.  WnCfO  fBPOci^  -  £l.  542-.  3 

Ei-tvATio/^  £rJT£C'.(0c,  =  54z*  <^  ;i5  =  £i.,54 

4  / .  /  4  _ 

Ft)(5-4» '75-53f.5f^-  ' 

^3  '  FVi'*-  "  O.CI  I  Ft 

H,  ^  o.oc^\  Ft. 

Ftr.  ^ 


NCR  Form 
1  Aug  80 


381b 


PLATE  F-7 


NCR  Form 
1  Aug  80 


381b 


PLATE  F-9 


S..t,|(:',l 

A»OC.Ai_OS(P 

RcFOCl^  PviiTv^p  StAT/£>^ 

Daie- 

Joi-Y  ^ 

C-L/fTiputL'd  tjy 

^/£;m 

Checked  by 

Shee'.  O' 

!0 

lo 


PiPf  LE'^CTH  =  SBc,-  540.  an  7^  *  lo  f-r  =  l5>,5o  Ft 


./42  /tfo  )  +  0.33  ^  !-0  ^  o.Z^ 


Fpop^p  -  O 


^Lpor^p"  o>.-2.ze  F-r 


^o-^PJre  Svst£*y\  Lai'S 

^^t-5T«s-r.  ^LuJfcir  ^  pipe.  ^LPK-v-f- 

C>  038  Ft  +  £).«:>£)  I  Ft  -  6.001  Ft  -t  C.zz6  F- 
^usysT&rv.“-  P.-Z-TZ  Pt. 


f.'CR  Form 
1  Aug  80 


KjngF  TDM  =  j4  +  O  zm^  ~  |4  .  Z7Z  F  T. 

Pbrr\p  5)£LjFcT  ION*  * 

Pt-YOT  -  no3C>  ^20<u0  ,  -^oo  RPoa  ^  4  Slacks  , 

/3^  6>i-'^C£  /  Coi-'ti.  Co 3  -  "706  L- -4 

5,000  ^prr  l4.Z  Ft.  P  e^T 

^MEiCK  KKpsfitf^Orr.  ^tCor>r'fv\E.tOD£D  Pbrv^p  SFESD 

LllJd^  I5,60<:?  ( 14  3Pr^'  ^ 

^  J  ^  j^7oOc^ 

M'  F’Pp'.  >  700  L'.L, 


381b 


PLATE  F-10 


SuDiect 


Date 


_ AodAwOsi^  REF0/U£  PjrrxP  ^T^Tto^ 


Computed  by  Checked  by 


JuL.i'  Si 


Sheet  of 


NCR  Form 
1  Aug  80 


LoPQ  SfoO'l' 


£<{STif^6l  Pci^Eli^  "  PiEiH  'ICeZO  ^Oi-r  ^ 

STHTtofi  ~  •^£ct>t^C)PPY  \/oL.rp^e  -^<3^/277/  ^ -P 

■$oen')i^i£i,f  forv^P  Lafijp  ^CiiuiPEtv^Bt^-rs 

Po^p  /t  -  7.4  -  lO  P.P. 

pJ^P  i6  ’  n.Akt^  -  ZS  H.P. 

f\iiOr<^.£  Of^tSY  C>^£  I'J'L.I.  Se  Puf'-'Pl>^(U  Af  PrJf  atUkrJ  Tin's 

J  7.4  (f  I 

'^So  JJ  *~  2.Z.6>  (■r'-r> 

0'<jy>'  Ct,  2.5  A*  A*  /Uore»i.  e>i~>  The  Poi',  p 


4-i.  =  3  4  Prr.p 


t'^Ec.  tPSkP  A?o~!^c 


^iz£  SP'-PCP  EiPcU'T  (ro*JOUCm^/C_  ^/t  pory^p  B  aJc-<C  T^p  r  ^/o-.’ 

^Fl.  ''  {3A')0'ZS^  *  42.5 /?^7P  S 

^tZ-s  •3e/\r>Lr*  CiCCi^iT  ConiO<->ZTea.  Po/K.  Pvr^P  4  ^lO  £’.  ' 

^  AX''-25')  =  17,5  e^'^p  SEl-Fc-T  /E  JT  --  25 

Po^Efi  PeoLiiPtrnE^r  FoP  Pop'-P  B 

V  15 ///»)('/.zs)  =  23.3  n/c 


PLATE  F-12 


Sutiect 


Compuicd  Dy 


AiOD/\Lt)S/A  /?gF06e.  Pu>v^P  STATiO^> 


vJc  H 


Checked  by 


DJ 


Date 


Jjl-'!'  S. 


Sheet  o; 


SomP  Pu^P  P^QOi  Pcm£j^~^S 

2j 

^  6L.f\ss.  6t  ^  ^  4c  V  ,  1^  j  Pi  ,  i&ao  Pri> 

(o-  1  5  PP  Y  /QOO  J 

^u'  (24t>y/')(o.io5)  ~  4.B  A 

Os'fPc,  A>6Vc  ■4''5o-l48  ^^.<7  A 

Siz£  Sa^PCH  Circuit  Ce»^C>OCTt>a-  P^rY\P 

^  aYi.-zsI^  /?  S^c£cr  I-Z  AACj 


Po^£A  P£OuiA£/^e,fyf  Foe  So/y\e 

(^4u)(  O.'JS  H  Pp/.Z^,)  -  0.10 

<r£  rACr^TS 

Ai>i  c 

3  M.p.  c  1_xJ55  5  !  ^  ,  (*0  fZoo  p 

:  3  HPV.  JPeol__ 

(4  8£>)r3  (^ns')  ~  4.t>  A 

Ot'PiO  /J£c  n-Aeu^:  4Zo~isc>  T^-  4.S  A 

^12.'=  ^PAi-^'iA  ^i^iRC-O-T  C.e>i^OcXc>!Z.  P^c_  $i^i->»c.t. 

(4.6  aV  I.Z.5^  ^  A  SiZLBcr  ^  IZ 

PoviZ^  Ot PB/v\£^~T' 

[lA-tPis  Mp)(l.Z5)  -  'Z.B  (<^VA 


PLATE  F-13 


NCR  Form 
1  Aug  80 


381b 


SuDiect 

_  At^o z' i-osi ^  AtP’ij£»c 


Cr,'ii;-;,io  ;  t  v  Checked  by 

h/CP. 


NCR  Form 
1  Aug  80 


381b 


PLATE  F-14 


Subject 


Computed  by 


'Jlj  PiJ/»lP  STA'f'iOtJ 


by  Checked  by 

k/6  M 


DJ  P 


ucrr  SToO'f 


SuDjc-Ct 

A>^£>Auj<iA  AePU^c  Pjn-.p  SrA-rtot^ 

Date 

Jo^^  ss 

Computed  by 

JVJSi  A 

Checked  by  ,  > 

ICp 

S'/ST£r''\  S/'SE 
Port  p  fi  fi£0£fi 


5oo  M\/A 
■  3-*  8  AW<s 
l%30 

(L  -  O.niB  i  Fr 


P<j>^  A  fxeo£r<  -  3  IZ 
C  =■  Q>\1 

l.'^S  o  kfv'  /  Ft  >  i£> 
SoiV'f‘  ^  SlOvc-E  Fe.exi£ft-  ~  S  ^  ("Z.  Aux^ 

6.n 

(<*  \.‘^S  oKrv^  /ft  “  |£>’^ 


P££D«.a  •"  "S' 


.  '  "S'  ^  3 
383^5 

<?.z45  ok^/rr  ;» 


^  ’Tfi^fJSF^e.r^Zf<~  =  Z  % 


At  F", 


^37.5  Kv/aY  iooo') 
'  4  So 


3'^OCff  Ar»'.?  At  , 


At  P 


>.T5  L  31  _  l.'TS.fGoVsqgg, 

T'  cv  '  3e>'50(^Bc>')  ~  0.1838 


-r^  -  3e>oo,  ( (  T  O.J838 


3300  /1/vF 


At  F, 


NCR  Form 
1  Aug  80 


r  i:2^(zo')(  33c>oji.\ 

'  '  So')  / /^3  o)  ""  0.1^34 

T  /  ' 

~  33oo(  A  A- A 

PLATE  F-16 


Subject 

_ A)0C>A4■U^tA^  OCtC  Pon\P  SfPtiOtS 


Computed  by  Checked  by 

_ 


vj  8S> 


‘‘4  -r  *  ('4gc>^)(c»i7  ) 


”  33^Z> 


I  \ 


3a55; 


<^.  3855 


12.332.  /^r^P 


A^  F. 


I.n3/-'.o''/33g>0  A^ 
V  V  i>n) 


O,  3  Sss 


=  3300 1  T*  ^J>&ss)  '  2.332-  A/v-/- 


At  F 


2.  loPr\(33o<^ 
^Bo  (on)  ' 


0.-2  Z,-Z.°l 


.^F  -  3300  F  ^  - 


zl  O  o  fl 


Co  rOC>-OS  I  c  OS,  •  ^hfficc.  Se  FolL  I  O^coo  (ir 


NCR  Fo'm 
1  Aug  80 


PLATE  F-17 


Subiect 


Pomp  STA-rtari 


Ddtc 


yj  JL-Y  86 


Computed  by 


Checked  by 


Shee:  of 

18 


PornP  Sr-^noY^  OpEfiA-r\}^(^  Cast 


pEP.r^A6te 

Afte^  = 

‘IZS 

AcRS 

5tat><&(0 

CAPAcnt 

PomP 

A  =  3500 

■  Gf^oo  ' 

15.15 

AcR.c  Ft  ./ dp  f 

S-TA-ric^P 

CpPAcj-ti 

Pom  P 

B  ~  3,000 

OPm  ^ 

ZZ.5  Ac./z£:  Pr ,  Dp 

V 

1 

”Ti  /ViE 

OPfeAATiO** 

R)m  P 

IjJlfiAi.  ^1 

/Zai^FAU, 

(?lMjafF  O.S 

£v/i.Potf. 

£\iePr  \4i.. 

hjLC-Ft 

(fi^f  fr\ 

^AoeE-F») 

C»-P’ 

..^oioC 

04tA.>)Coi>>»^ 

6 

Az. 

43Z 

lOif.S 

-  16*.  ft 

Z.l 

5 

.^oo* 

PAPWi^OKOiJ 

& 

O 

4.SS 

IB3.I 

'  n.5 

2-1  ' 

llz.' 

Aoli, 

B 

O 

3P(J 

144. ‘i 

-  14.  A 

Z-'  I3g.:  ' 

• 

455.'- 

Seer 

Pi  i-i- 

c. 

\  So 

ZrxA 

-  2S8.3 

33.5 

o 

^C-r 

Alt*- 

(■ 

o 

zpo 

-ZOS.D 

55.  r 

o 

^■^ov 

fll.U 

A 

£? 

2.l(p 

■  lipU,5 

3S.3 

o 

o 

""  \/o(_omt  IS  BAbfD  Do«-«T»o>^ 

OF"  £\/E*>T 

Cr»05iiOC^ 

C>JcRFi.o>ii»d6»  55^.2 

/feoyiQirJ^  /A  5£P«>»-»0  DAAiPOA^Pr^  ~  ~  Z.  I  8cli£.  Pr. 


PomP  £)  "TTme  *■  ~7?r  V  Acie-PT)  ~  Z2.  l(o  ' 

pJmP  fii  /?oO  Xml  -  (  O  Ts TYs” «ciii^ fr^ "  O  ' 


53 Z 

O  "^rP. 


Poioui  ^Eia(;>iRE^Lf>>*r  -  Ai5o<nt  5  HR.  Ti*rt.6.  i^Ui»iT£oPi.£  4  Tes^“^^i  i'i'f 

F- ( n.A^^szz*’^  *  p,3ne,  ic^p 

p^f  ji 

^c^t^cA  ^  ^^-3  K’-a^Yz^  *  Z,CrZS  ^ ;ip 

fKsJBH^E  QpZPt'-iPi,  Coix  '  (  %3'I8  •*  2,i#2S  '^^y^£>.(D<PS/K^^; 

OPcftAT.o^,  ^  ijtl'7.PP(Y/?.  Sfr  ^  i zoo  J KjfL, 


NCR  Form 
Aug  80 


381b 


PL/TE  F-18 


A 

P 

P 

E 

N 

SEDIMENTATION  STUDY 

D 

I 

X 

G 


UPPER  MISSISSIPPI  RIVER  SYSTEM 
ENVIRONMENTAL  MANAGEMENT  PROGRAM 
DEFINITE  PROJECT  REPORT  (R-4) 

ANDALUSIA  REFUGE  REHABILITATION  AND  ENHANCEMENT 
POOL  16  MISSISSIPPI  RIVER  MILES  462  TO  463 
ROCK  ISLAND  COUNTY,  ILLINOIS 


APPENDIX  G 
SEDIMENTATION  STUDY 


A  sedimentation  study  was  conducted  to  evaluate  sedimentation  in  Dead 
Slough  and  in  the  Refuge  area  during  the  period  1936  through  1987.  The 
scope  of  this  study,  as  presented  in  this  appendix,  consisted  of  deter¬ 
mining  net  erosion  from  1936  (pre-lock  and  dam)  through  1987,  estimating 
annual  adjacent  watershed  erosion/deposition,  evaluating  estimated  river 
source  sedimentation,  and  evaluating  proposed  project  impacts  on  sedimenta¬ 
tion. 

Baseline  elevations  were  established  from  1936  plane  table  topographic  maps. 
Additional  sections  were  taken  by  survey  crews  during  1987.  Eleven  ranges 
were  used  to  construct  cross  sections  of  this  area.  Elevations  in  1936 
were  compared  with  present  elevations  in  1987  to  show  net  changes  in  eleva¬ 
tion.  Table  G-1  provides  a  summary  of  net  sedimentation. 

The  two  predominant  sedimentation  sources  are  the  Mississippi  River  and 
upland  erosion.  Adjacent  watersheds  were  studied  to  estimate  approximate 
soil  loss  from  these  areas.  Estimates  were  derived  from  the  Universal 
Soil  Loss  Equation,  reference:  Predicting  Rainfall  Erosion  Losses,  USDA, 
Handbook  Number  537,  December  1978.  Estimated  adjacent  watershed  erosion 
is  presented  in  table  G-2. 
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TABLE  G-1 


Andalusia 

Refuge  and  Dead  Slough  Total 

Sedimentation 

Total  Sediment 
Deposition  in 
Andalusia  Refuge  & 

Dead  Slough 

1936-1987 

Dead  Slough  Sediment 
Deposition,  1936-1987 
Below  Elevation  545.0 
(Flat  Pool) 

Range 

Station 

Average 

Depth, 

Ft 

Average 

Annual 

Depth, 

In/Yr 

Average 

Depth , 

Ft 

Annual 

Average 

In/Yr 

A 

15+15 

2.1 

0.49 

2.9 

0.68 

B 

23+75 

2.3 

0.54 

3.8 

0.90 

C 

3(H75 

2.5 

0.58 

2.7 

0.63 

D 

38+25 

1.7 

0.40 

3.9 

0.91 

E 

45+75 

1.7 

0.40 

4.2 

1.00 

F 

2+75. i5CE 

2.2 

0.53 

- 

- 

G 

4+55. 62CE 

2.3 

0.54 

- 

- 

H 

8+88. 12CE 

2.4 

0.56 

- 

- 

I 

12+70CE 

2.5 

0.58 

- 

- 

J 

16+16. 26CE 

2.2 

0.52 

- 

- 

K 

20+7 5CE 

2.2 

0.52 

- 

- 

OVERALL 

2.2 

0.52 

0.82  in/yr 

Estimated 

TABLE  G-2 

Sediment  from  Adjacent  Watersheds 

Yield  2/ 

Watershed 

Gross  Erosion  _ 

Delivery 

Sediment 

Area, 

Ratio 

Watershed 

Ac 

T/Ac/Yr  T/Yr 

Ac-Ft/Yr 

1/ 

T/Yr 

Ac-Ft/Yr 

A 

519 

13 

6,800 

3.9 

.55 

3,700 

2.2 

B 

774 

16 

12,000 

6.9 

.55 

6,600 

3.8 

C 

208 

10 

2,100 

1.2 

.65 

1,400 

0.8 

D 

1,152 

13 

15,000 

8.6 

.48 

7,200 

4.2 

Total 

2,653 

- 

35,900 

20.6 

- 

18,900 

11.0 

1  Reference; 

;  "Sediment  Delivery  Ratios 

vs.  Drainage  Area,"  USDA,  Soil 

Conserve- 

tlon  Service,  drawing  number  5,  N-30,509,  dated  October  1970. 

^  Sediment  Yield  =  Gross  Erosion  x  Delivery  Ratio.  Sediment  yield  is  the  portion 
of  the  gross  watershed  erosion  that  actually  reaches  the  watershed  mouth. 
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G-2 


Net  river  sedimentation  was  estimated  by  subtracting  the  adjacent  watershed 
sedimentation  (table  G-2)  from  the  net  sedimentation  (table  G-1) .  Results 
of  this  comparison  and  potential  reductions  in  sedimentation  due  to  proposed 
project  features  are  presented  in  table  G-3. 


TABLE  G-3 


Comparison 

of  River  Versus  Upland 

Erosion  Sedimentation 

Existing 

Conditions 

Sediment  Reduction  into 
Andalusia  Refuge  Due  to 
Proposed  Project 

Sedimentation 

Source 

Ac-Ft/Yr 

% 

Ac-Ft/Yr 

% 

Adjacent 

Watershed 

11.0 

64.7 

4.2 

24.7 

River 

6.0 

35.3 

0.0 

0.0 

Net 

17.0 

100.0 

4.2 

24.7 

G-3 
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N 

ILLINOIS  DEPARTMENT  OF  CONSERVATION 
FISHERIES  INVESTIGATION  OF  DEAD  SLOUGH  ^ 

I 

X 


H 


County  Rock  Island 

MISSISSIPPI  RI'T^R  Location  frop 

INVESTIGATIONS  nearest  to’.m  7  mi.  West  of  Andalusia 

Date  May  lb, 


Station  Sampled  Dead  Sloug,h/Andalusia  Pool  No.  or  Name  16 

Refuge 

Stations  Location  in  River  Miles  462.4-463.0 


UMRCC  Habitat  Classification;  Tailvjater _ ^Lake  X  Pond 

Main  channel  I'ain  channel  border  Side  channel  Slouph  X 

AM 

Time  Temp.  Rec.  1  : 40(g^  Temperature:  Air _ °F,VJater  Surface  13  c  °P 


VJater  Color  Clear 

Sky( weather) 

Cloudy 

Wind  W-15mph 

Turbidity:  Secchi  To 

bottom  =  1.5* 

;  Cause : 

Chemistry:  pH  8.0 

Alkalinity 

137 

Other  Cond:580  DO:  11.2 

Water  Level:  Lovj  X 

Normal 

High 

Flood 

Velocity(ft./sec. )  0 

Max.  Depth 

18” 

Avg,  Depth  12” 

?<ax.  Width  100  yds. 

Min.  IVidth 

lOO  yds. 

Avg.  Width  100  yds. 

Bottom  types(%):  Silt(muck)  X  Sand  Gravel  Rubble  Boulders  Bedrock 


Type  of  Shoreline(%) :  Gravel  bar _ _S?.ndbar _ ^Mud  flat _ Rocky _ 

Steep  Mud  bank _ IQQ  Other  _ 

potamogeton 

Aquatic  Vegetation(%  S  type);  957o  coverage  coontail,  curlyleaf, duckweed , 


Fish  Habitat  available:  Brush _ X 

Pile  dikes _ Gravel _ 

Other 


Logs 


Pdp  rap 


_X _ Stumps  X  Rock  dikes 

_ Aquatic  vegetation _ 


Pecent  Angler  Success 

No  Access 

Fish  Population 

Analysis:  Bag  Seine  Hauls  (Size  , 

No. 

); 

Hoop  Net  (No. 

Size 

Hrs. Set  );  Trap  Net  (No.  Size 

Hrs.  Set 

); 

Gill  Net  (No. 

Size 

Hrs,  Set  );  Trammel  Net(No.  Size 

Hrs,  Set 

); 

Electro-Fishing 

(Time 

1:30  45  minutes,  effeciency 

Poor 

Toxicant  (area  treated 

acres ) ;  Other 

Fish  condition; 

S-Qroe 

fin  rot  and  lerneae.  generally  poor 

condition _ 

Fish  Diseases; 

Observed  but 

Number  of  species  collected  10  not  collected 

Pollution 

Fisherman  usage 

No  Access 

Time  on  Job;  4.0  hrs. _ _ Personnel  Involved  Dan  Sallee,  Ed  Walsh 

Reported  by;  pan  SalTpp _ Date  "of  Report  5/16/88 


Additional  Remarks  and  Hap  on  Reverse  Side 
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ILLINOIS  DEPARTMENT  OF  CONSERVATION  nOlJNTY  Rock  Island 

DIVISION  OF  FISHERIES  - - - 

WATER  fNAMF^  Miss.  .Dead  Sl/Andalusia  Re 

FISH  POPULATION  ANALYSIS  '  ' - - — 

(Condition  factor  &  Length'Fnequsncy  Summary  DATE  OF  COLLECTION _ 


Sampling  Time  Involved;  ^5  tnin. _ Method  of  Collection:  Cartop  electof  ishing 


Biologist;  Dan  Sallee 


Date  of  Report: 


COPiES  TO:  if  State  or  Pubiic  —  District,  Area  &  Central  offices. 
All  Others  —  District  Office  Only. 


r  M  12.0  (8-70) 
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ILLINOIS  DEPARTMENT  OF  CONSERVATION 
DIVISION  OF  FISHERIES 

FISH  POPULATION  ANALYSIS 

(Condition  (actor  &  Langth-Fraquancy  Summary 


COUNTY _ Rock  Island _ _ 

WATER  (NAMF)M^ ss  .  ,  Dead  SI/ Anda  1  ii s ia  Re 


DATE  OF  COLLECTION 


16/88 


Golden  shiner 


Biologist: 


|ing  Time  Involved:  45  min, 

Dan  Sallee 


Method  of  Collection: _ 

_  Date  of  Report: 


Cartop  electrof ishin 
5/16/88 


COPIES  TO:  If  State  or  Public  —  District,  Area  &  Central  offices. 
Ail  Others  —  District  Office  Only. 

H-3 

r  M.  12.0  (••») 


ILLINOIS  DEPARTMENT  OF  CONSERVATION 
'  DIVISION  OF  FISHERIES 

FISH  POPULATION  ANALYSIS 

(Condition  (actor  &  Length-Frequency  Summary 


COUNTY  Rock  Island _ 

WATER  (NAME)Miss  .  .  Dead  SI /Andalus la 

DATE  OF  COLLECTION  _  _ 


Specie* 

Bluegill 

T^ontinuec 


V4  "  Group 


Condition 


Sampling  Time  Involved:  45  min. 
Biologist:  Dan  Sallee _ 


Method  of  Collection: _ 

- Date  of  Report: 


Cartop  electrof ishin 
_ 5/16/88 _ 


COPIES  TO:  If  State  or  Public  —  District,  Area  &  Central  offices. 
All  Others  —  District  Office  Only, 

tM.  it.e  (*.») 
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ILLINOIS  DEPARTMENT  OF  CONSERVATION 
DIVISION  OF  FISHERIES 

FISH  POPULATION  ANALYSIS 

(Condition  factor  &  Length-Frequency  Summary 


COUNTY  Rock  Island 


WATER  (NAMF)Hiss  .  ,  Dead  Sl/Andalusia  Re ; 

DATE  OF  COLLECTION  3/16/88 _ 


S  ^\g  Time  Involved;  _ Method  of  Collection:  Cartop  electrofishing 

Biologist: _ Dan  Sallee _  Date  of  Report: _ 5/16/88 _ 


COPIES  TO:  If  State  or  Public  —  District,  Area  &  Central  offices. 
Ail  Others  —  District  Office  Only. 


r.M.  12.0e-») 


WATERFOWL  OBSERVATION  DATA 
FOR  ANDALUSIA  REFUGE 


The  following  waterfowl  observation  data  originates  from  annual  U.S.  Kisli  iind 
Wildlife  Service  aerial  census  counts  made  along  the  Upper  Mississippi  River. 
The  records  for  Andalusia  refuge  are  incomplete  since  during  some  counts  the 
refuge  area  was  not  separated  from  other  locations  in  Pool  16.  Previous  to 
1987,  Dead  Slough  was  not  Included  in  the  count  since  it  was  not  part  of  the 
refuge  until  1987. 
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